ŠŤASTNÁ PAVLA, PSOTA VÁCLAV: Arthropod diversity (Arthropoda) on abandoned apple trees. Acta Universitatis Agriculturae et Silviculturae Mendelianae Brunensis, 2013, LXI, No. 5, pp. 1405-1422 In 2010 and 2011, the occurrence of arthropods on apple trees without management was monitored near the village of Velké Bílovice, South Moravia, in two selected localities (an abandoned apple tree orchard and a road apple tree alley). Arthropods in tree tops were killed using deltamehtrin applied with a fogger (Puls Fog). Each collection always contained the material from 5 trees in each site. In 2010, three collections were performed (28/4, 20/5, and 9/7), two in 2011 (11/5 and 23/6). Representatives of eleven orders were captured. Of all the orders trapped, Coleoptera was represented most frequently, the Hymenoptera and Diptera followed. In the alley, individuals of the Coleoptera (34%) were caught most frequently, the Hymenoptera (19.6%) and Hemiptera (17.4%) followed. In the orchard, the Coleoptera (41.4%) was represented most frequently, followed by the Hymenoptera (21.9%) and Diptera (15%). In both the environments, species with negative economic impact were recorded (e.g. Anthonomus pyri, Tatianaerhynchites aequatus, Cydia pomonella, Rhynchites bacchus). However, a greater number of pest antagonists were also found (Scambus pomorum, Coccinella septempunctata, Episyrphus balteatus, Pentatoma rufi pes, Orius spp.). Some species were important in faunistic terms, as some critically endangered species were recorded (e.g. Dipoena erythropus, Cryptocephalus schaeff eri), and the Plectochorus iwatensis species was recorded for the fi rst time in the Czech Republic.
Apple tree (Malus domestica) was brought to Europe with merchant expeditions from Asia to the Danube basin 5500 years ago (Prance & Nesbitt, 2005) . In the territory of the Czech Republic, this fruit tree started to be widely grown during the reign of Charles IV (Stehlík, 1968) . In 1752, during the reign of MariaTheresa, a decree ordering to plant fruit trees (o en apple trees) along all new roads was issued (Švédová, 2012) . This means that the apple tree is a traditional tree that has occurred in the European landscape for hundreds of years. Nowadays, besides production apple tree orchards also those le for many years without any management can be found in the landscape. These include trees planted traditionally along roads, forming alleys. Apple trees without management in alleys and abandoned orchards can then represent a suitable environment for many species of insects. Some of these species are pests which can spread from these abandoned apple trees to gardens and orchards. On the other hand, many of these species can belong to pest antagonists with rather a positive signifi cance for agricultural practice. In terms of biodiversity protection, trees provide a suitable hide and feed for some insect species that otherwise could not occur in the intensively agriculturally used landscape. Generally, we presume that hundreds of arthropod species occur on apple trees. For example, Oatman et al. (1964) in their study conducted in [1959] [1960] [1961] [1962] observed 763 species.
In this paper, we present partial results from an extensive study focused on the complex research of arthropod diversity on apple trees without management.
MATERIAL AND METHODS
The arthropod occurrence was monitored in South Moravia, near the village of Velké Bílovice (Břeclav district), faunistic square 7167 over the period of 2010 and 2011. Two sites with apple trees grown without management were selected. The fi rst site, for more than 10 years abandoned apple tree orchard, was situated 1.2 km north-east from the village outskirts (N 48°52'8.430", E 16°55'7.752") . Many trees in this site were heavily attacked by Synanthedon myopaeformis, some of the trees died due to this pest attack. Apparent succession processes led to the heavy occurrence of Rosa canina and Sambucus nigra. This orchard was surrounded by an irrigation reservoir from one side, a road and fi eld from the other. The other site was an apple alley along the road surrounded by a fi eld. This alley was situated approximately 1.6 km to the east from the outskirts of the village of Velké Bílovice (N 48°50'5.020", E 16°52'18.732"). The beeline distance between both the places is 5.2 km.
The arthropods were always captured during morning with the agent containing pyretroid deltamethrin (50 g/l). Deltamethrin was added to the polyglycol aqueous solution containing 915.12 g/l of dietylenglycol in ratio of 1:3 in favor of water. Concentration of the eff ective substance deltamethrin in the application liquid was 0.0025 g/l. The aerosol was dispersed in the tops of selected trees using a fogger device (Puls Fog).
Stunned and killed arthropods fell on a plastic sheet placed under the selected tree. Further, 15 minutes a er the application, we shook the tree and collected the killed arthropods. The material obtained was then kept in 70% alcohol and subsequently assessed in the entomological laboratory.
Each collection always contained the material from 5 trees in each site. In 2010, three collections were performed (28/4, 20/5, and 9/7), two in 2011 (11/5 and 23/6) . In each collection were selected other trees (total 50 trees).
RESULTS AND DISCUSSION
In the orchard, in both studied years, 28 species of the Araneae including 10 families in the total number of 153 individuals were detected (4.5%). In addition, 1408 individuals of the Coleoptera including 29 families (41.4%), 44 individuals of the Dermaptera including 1 family (1.3%), 510 individuals of the Diptera including 36 families (15%), 321 individuals of the Hemiptera (12 families, 9.4%), 745 individuals of the Hymenoptera of 15 families (21.9%), 128 individuals of the Lepidoptera of 6 families (3.8%), 3 individuals of the Mecoptera of 1 family (0.09%), 3 individuals of the Neuroptera of 2 families (0.09%), 6 individuals of the Orthoptera of 3 families (0.18%) and 81 individuals of the Psocoptera of 4 families (2.4%) were detected. The survey of all species captured is given in Tab. I.
In the alley, in both studied years, 176 individuals of the Araneae including 11 families (4.4%), 1350 individuals of the Coleoptera of 29 families (34%), 2 individuals of the Dermaptera of 1 family (0.05%), 334 individuals of the Diptera including 30 families (8.4%), 691 individuals of the Hemiptera of 14 families (17.4%), 779 individuals of the Hymenoptera of 13 families (19.6%), 459 individuals of the Lepidoptera including 15 families (11.5%), 2 individuals of the Mecoptera of 1 family (0.05%), 17 individuals of the Neuroptera of 3 families (0.4%), 13 individuals of the Orthoptera of 2 families (0.3%), 151 individuals of the Psocoptera of 6 families (3.8%) and 2 families of the Raphidioptera of 1 family (0.05%) were detected. The survey of all species trapped is given in Tab. II. The size of the individual orders in the alley and orchard in both the followed years is given in Fig. 1 .
Of the spiders one critically threatened species (Dipoena erythropus) and one threatened species (Tmarus stellio) were detected (Farkač et al., 2005) . Buchar (1993) developed a classifi cation into three categories: RI -relic species of type 1 (species preferring climax and otherwise valuable habitat); R -relic species (abundant species with a clear link to the biotope), E -expansive species (species with non-specifi c binding to the habitat, o en inhabiting biotopes strongly infl uenced by humans). Of the RI group, following species occurred in the orchard: Gibbaranea bituberculata, Heliophanus aeneus, Pseudeuophrys obsolete, and Ebrechtella tricuspidata. The RI group in the alley included following species: Gibbaranea bituberculata, Zilla diodia, Clubiona brevipes, C. comta, Ero aphana, Philodromus buchari, P. praedatus, Macaroeris nidicolens, Ebrechtella tricuspidata, and Synema globosum.
More individuals of the Coleoptera were captured in the orchard, number of the detected families in the alley and orchard was the same. The captured families included namely predators (Cantharidae, Carabidae, Coccinellidae). Scolytus rugulosus and S. mali of the Coleoptera belong to pests of fruit trees, they damage in wood of dying trees (Rudinsky, 1962; Alford, 2007) . In the orchard, both the species occurred and in the alley only S. mali was recorded. Buds of apple and pear trees are damaged by Anthonomus pyri (Stamenkovic & Pesic, 1998) which occurred abundantly in the alley, while in the orchard it was recorded only sporadically. Tatianaerhynchites aequatus was the most important pest of fruits of apple trees and other fruit trees captured in both sites and Phyllobius oblongus occurred frequently in the orchard. This phylophagous species can be a sporadic pest in fruit tree nurseries (Hluchý et al., 2008) . Other detected apple tree pests were Rhynchites bacchus, Otiorhynchus raucus, Neocoenorhinus minutus, Involvulus cupreus. Otiorhynchus fullo was found in the orchard abundantly (231 individuals), while its occurrence in the alley was only sporadic. Near threatened (NT) Adrastus rachifer of the Elateridae was found both in the orchard and alley, in the orchard its occurrence was relatively high (74 individuals), in the alley it occurred sporadically (9 individuals). In addition, a critically endangered (CR) Dircaea australis species (1 individual) of the Melandryidae was found in the it occurs mostly on grass stands or shrubs (Kočárek, 1998) . Forfi cula auricularia occurred less frequently (3 individuals in the abandoned orchard and 2 individuals in the alley). Species of the Dermaptera are omnivorous; they mainly feed on small insects but can also cause damage to ripe fruit (Šefrová, 2006) . Forfi cula auricularia is an eff ective predator of harmful aphids on apple trees (Carroll & Hoyt, 1984) . The Diptera was the third most frequently occurring in the abandoned orchard and the fi h one in the alley. Despite this quite high occurrence, it is not probable that the presence of this order would be of principal importance for apple trees both in terms of harmfulness or regulation of pests with the exception of the Syrphidae, namely Episyrphus balteatus. This species is a very effi cient predator of aphids on apple trees (Dib et al., 2010) . Some species of the Cecidomyiidae can also do harm on apple tree (Carl, 1980) . On the other side, some Cecidomyiidae have predatory larvae that feed on aphids on apple trees (Tracewski et al., 1984) .
A more pronounced occurrence of the individuals of the Hemiptera was in the alley (691) compared to the orchard (321). Predatory true bugs of the Hemiptera prevailed in apple tree tops, namely nymphs and imagos of the Anthocoridae (Anthocoris spp., Orius spp.), nymphs of the predatory bug Himacerus apterus of the Nabidae and zoophytophagous bug Pentatoma rufi pes of the Pentatomidae. Anthocoris nemorum, Deraeocoris lutescens, Himacerus apterus, and Orius minutus and also Atractotomus mali were the most abundant zoophagous and zoophytophagous species found by Jahn (1998) in the experimental sites. He associated a high occurrence of phytozoophagous species Orthotylus marginalis and zoophytophagous species Psallus ambiguus with the mass incidence of apple leaf suckers. Kinkorová & Kocourek (2000) found on apples a dominant occurrence of predatory true bugs of Orius minutus, O. vicinus, O. laticollis, Heterotoma planicornis, and with a higher abundance of aphids also Himacerus apterus. Jonsson (1983 Jonsson ( ) in 1979 Jonsson ( -1981 found a number of predatory species in apple orchards, the dominant Campylomma verbasci, Atractotomus mali, Orthotylus marginalis, Blepharidopterus angulatus, Phytocoris tiliae, Psallus ambiguus, P. perrisi, and Anthocoris nemorum. Besides the predatory species, we found a number of phytophages without a closer connection to apple trees, the rarer ones were e.g. Harpocera hellenica and Halticus saltator, a new fi nding in the territory of Moravia (Hradil et al., 2013) . Other interesting fi ndings were Stephanitis pyri, a rare species considered until recently extinct from our fauna. Under favorable conditions it could again become a pest at least in Moravian apple tree plantings. The results of study of true bugs living on wildly growing apple trees in South Moravia showed that abandoned trees were a suitable environment for a number of species of useful predatory true bugs; however, to a lesser extent, they can also be a reservoir of pests for surrounding vegetation.
Species 
schneideri).
Representatives of Empoasca vitis, a polyphagous occurring mainly on wood plants, and developing also on apple trees, were signifi cantly more abundant. Of the Psylloidea, the species living on apple trees prevailed (Cacopsylla mali, C. picta, to a lesser extent C. melanoneura, rare incidence of C. pyrisuga and C. saliceti). C. mali widely occurs on unpruned apple trees mainly in the uplands, C. picta mainly in the lowlands. C. picta is also an important vector of the AP phytoplasma (Apple Proliferation) (bacteria Candidatus Phytoplasma mali), (Jarausch et al., 2007) , which is a quarantine disease in the EU. C. melanoneura lives mainly on hawthorns (Crataegus spp.), sporadically also on apple trees; in north-west Italy it is also a vector of the given bacteriosis (Malagnini et al., 2010) . Old apple tree orchards and alleys should be occasionally checked for the presence of AP. It is suggested that in South Moravia they serve as a reservoir of the Cacopsylla picta, which in migration during the following year being attracted by intensive concentration of volatile substances from apple trees infests mainly large orchards (Čermák & Lauterer, 2008) .
The Hymenoptera was the second most frequent order occurring in the abandoned orchard and alley. It was mostly represented by Formicidae with the most abundant Lasius niger, a species known for searching for aphid colonies in tree tops. It defends aphids against predators and feeds on sweet honeydew produced by them (Stewart-Jones et al., 2008) . Parasitoids of the Hymenoptera are an important group in terms of pest regulation. Parasitoids are very sensitive to various insecticides, so their populations can be suppressed by application of agrochemicals in production orchards (Mates et al., 2012) . Therefore, apple trees in abandoned orchards or alleys can be a suitable environment for the development of useful parasitoid populations. In the abandoned orchard and alley, parasitoids of the Chalcidoidea, Braconidae, and Ichneumonidae were recorded most frequently. In the alley, the occurrence of the Scambus pomorum, an important parasitoid of Anthonomus pomorum, was recorded. Parasitation in some cases can reach even tens of percents (Mody et al., 2011) . In the alley, species Plectochorus iwatensis was detected, this is a new species for the Czech Republic (Holý et al., 2012) .
The only more signifi cant pest on pear and apple trees of the Hymenoptera was Janus compressus. It was recorded only in one piece in the abandoned orchard.
Compared to the orchard, signifi cantly more species of the Lepidoptera (35 species of 15 families versus 10 species of 6 families) and individuals (459 versus 128) were captured in the alley. Some caterpillars of Noctuidae and Tortricidae could not be determined exactly. Presumably, most of these cases were species without a negative impact (morphology of caterpillars of harmful species is well known and their determination does not mostly create any troubles). In both sites under study, species of the Geometridae, Noctuidae, and Tortricidae prevailed, this corresponds to high numbers of species occurring in these families, with the same three dominating species: Euproctis chrysorrhoea, Cosmia trapezina and Operophtera brumata. In the orchard, mainly harmful species were recorded, of the indiff erent species, Amphipyra pyramidea and Crassa unitella were recorded. Pests in the alley accounted just for ca 60%, i.e. indiff erent species occurred more frequently, but the occurrence of the individuals of harmful species was similar in both the sites -about 70%. With two exceptions, all detected species were phylophagous, Crassa tinctella captured in the orchard is a saprophagous and Synanthedon myopaeformis detected in the alley is a xylophagous. No faunistically or zoogeographically remarkable species were recorded. All indiff erent species are widespread polyphagous (Ancylis achatana, Colotois pennaria, Ectropis crepuscularia, Ematurga atomaria, Acronicta psi, Amphipyra pyramidea) without any evident link to apple trees or shrubs of the Rosaceae with the exception of Ypsolopha horridella, which feeds on Rosaceae. Among the detected pests, oligophagous to polyphagous prevailed, of feed specialist, Coleophora hemerobiella, Callisto denticulella, Synanthedon myopaeformis, and Cydia pomonella were trapped, all of them in the alley.
Of the Psocoptera, 81 individuals of 8 species occurred in the orchard and 151 individuals of 11 species were recorded in the alley. Despite this relatively high occurrence, the presence of these species of this order presumably does not aff ect apple trees principally neither in terms of harmfulness nor pest regulation.
SUMMARY
In 2010 and 2011, the occurrence of arthropods on apple trees without management was monitored near the village of Velké Bílovice, South Moravia, in two selected localities: an abandoned apple tree orchard and an apple tree alley along the road. Arthropods in tree tops were killed using deltamehtrin applied with a fogger (Puls Fog). Representatives of eleven orders were captured. In the orchard, the Coleoptera was represented most frequently, the Hymenoptera, Diptera, Hemiptera, Araneae, Lepidoptera, Psocoptera, Dermaptera Orthoptera, Mecoptera, and Neuroptera followed. In the alley, individuals of the Coleoptera were caught most frequently, the Hymenoptera and Hemiptera, Lepidoptera, Diptera, Araneae, Psocoptera, Neuroptera, Orthoptera, Dermaptera, Mecoptera, and Raphidioptera followed. Some of the detected species belonged to apple tree pests. Many antagonists of pests were also found (predators, parasitoids). However, a large set of captured species seeks in the apple tree top only a hide without any positive or negative eff ects on the tree. It is must be noted that some of the detected species belong to the endangered and critically endangered species. We can state that apple trees are a signicant refugium in the landscape. The biotope of the abandoned apple trees can also be a source of pest antagonists for prospective production apple trees plantations.
